tively excited in a region ‫07ف‬ nm above the glass surface, and insertion into the plasma membrane can be detected simply as an increase in the overall fluorescence intensity. Additional advantages of this approach are the minimal phototoxicity of evanescent wave exci- 
docytosis are rapid processes that turnover plasma PIP3 is not only necessary, but is also sufficient to trigger near-maximal GLUT4 insertion in 3T3L1 adipocytes. membrane transporters every 10-15 min.
While our study does not exclude the possibility that GLUT4 insertion could also be controlled by PIP3-inde-PIP3 Signals Are Sufficient for GLUT4 Insertion pendent signaling pathways activated by insulin [16, To answer the question of whether activation of PI3K is 17], the present data provide no indication that such sufficient to induce GLUT4 translocation, we transfected pathways play a significant role in regulating GLUT4 3T3L1 adipocytes with CFP-AktPH and GLUT4-YFP insertion in adipocytes. along with a constitutively active plasma membranetargeted PI3K p110 subunit. In contrast to previous studies using a similar construct [14, 15], we used a strategy Identification of a PIP3 Signaling Threshold for GLUT4 Insertion to evaluate the immediate effect of PI3K activation. PI3K activity was suppressed by preincubating cells for 45-60 A striking feature of the parallel recordings was a marked delay between PIP3 lipid production and the start of min with LY294002. As shown in Figure 2C , the subsequent washout of the inhibitor resulted in a marked GLUT4 insertion. Using rapid image acquisition and automated insulin perfusion, GLUT4 insertion was found translocation of AktPH, demonstrating that PIP3 levels can indeed be rapidly elevated with this method. This to begin 161 Ϯ 11 s (n ϭ 26) and 49 Ϯ 3 s (n ϭ 18) after the PIP3 increase when stimulated with 100 pM and 100 PIP3 elevation was sufficient to trigger membrane insertion of GLUT4 ( Figure 2C ). The amplitude of the PIP3-nM insulin, respectively ( Figure 3A ). This suggests that a threshold for PIP3 signals exists, below which GLUT4 triggered AktPH translocation and GLUT4 insertion was 92% Ϯ 4% (n ϭ 40) and 93% Ϯ 5% (n ϭ 47), respectively, transporters are only minimally inserted into the plasma membrane. Indeed, when the plasma membrane conof that triggered by insulin ( Figure 2D 
3B). While transporter insertion is suppressed below this
the existence of insulin-specific, PI3K-independent signals [16, 17] . We now tested whether a PIP3 thresholding threshold, the concentration of transporter in the plasma membrane increases linearly with the integrated PIP3 mechanism could explain the different efficiencies of insulin and PDGF to induce GLUT4 insertion. Differentisignal above the threshold ( Figure 3B) .
If more than 50 s of PIP3 signal integration is needed ated 3T3L1 adipocytes are heterogeneous in terms of PDGF receptor expression [20] . Under the present conto trigger significant GLUT4 insertion, a transient PIP3 signal should not induce insertion. Indeed, when adipoditions, 47% (n ϭ 74) of the insulin-activated cells responded to PDGF with membrane translocation of cytes were stimulated with insulin and the PI3K activity was blocked 30 s later by the addition of 50 M AktPH. While 100 nM insulin induced a sustained translocation of AktPH-GFP, the response to 4 nM PDGF was LY294002, there was a pronounced, transient AktPH translocation. However, no significant GLUT4 translocaof similar amplitude but of much shorter duration ( Figure  4A ). The PDGF-triggered GLUT4 insertion was often not tion was detected until the PI3K inhibitor was removed and the increase in PIP3 signal became sustained (Figdetectable or was small and transient, as shown in (Figure 4B) . Even though PDGF could induce a transient ure 3C). This suggests that transient increases in PIP3 that stay below the integration threshold do not lead to GLUT4 insertion response in some cells, the small, persistent elevation of PIP3 was not sufficient to keep significant GLUT4 insertion. 
GLUT4 in the plasma membrane and suggested that the specificity of insulin-triggered GLUT4 insertion can be

